aBstract introduction: Few studies have examined the transitions of smokers in the general population through multiple periods of daily, occasional smoking, or abstinence over time. Transitions from daily to occasional smoking are particularly of interest as these may be steps toward cessation.
reduction associated with cessation is clearly demonstrated and occasional smokers continue to have excess mortality relative to nonsmokers (Doll, Peto, Boreham, & Sutherland, 2004) . Ongoing occasional smoking is, therefore, not seen as a desirable goal for tobacco control (Hughes & Carpenter, 2006) .
Most studies of stability and variability in smoking behavior outside clinical settings are limited by the use of crosssectional data, with few contributions found from follow-ups in panel studies (Herd & Borland, 2009; Hyland et al., 2006) . Since most quit attempts end before 30 days, relatively frequent follow-ups are needed to capture the dynamics of the smoking cessation process. The present study examines the dynamics of smoking using a population-based survey with numerous follow-ups (up to seven interviews per person) and relatively short follow-up intervals (6 months).
MethOds
Data were from the Ontario Tobacco Survey (OTS) panel study of smokers (Diemert, Victor, & Bondy, 2010a; Mecredy, Chaiton, & Bondy, 2011) . Briefly, the OTS is a representative sample of adults, interviewed by telephone, who had smoked in the past 6 months at recruitment in 2005 through 2008. Participants completed up to six semiannual follow-up interviews. Technical reports presenting the study design, questionnaires, demographic characteristics, and smoking behavior of the overall OTS samples are available in open access Diemert et al., 2010a Diemert et al., , 2010b Mecredy et al., 2011) .
Findings presented here are based on 4,352 smokers (18+ years), who had smoked 100+ cigarettes in their lifetime and uses a subset of the OTS observations and a repeated measures design. The present analyses used complete smoking status information over any three consecutive interviews (triads). Complete data were available for 13,000 sets out of a maximum possible 19,582 triads (N of observations of initial daily, occasional, and former smokers were 9,932, 1,245, and 1,823, respectively). Table 1 presents the demographic characteristics, smoking behavior and history, reported quit intentions, and past use of supports to quit for panel study participants, by smoking status at Time 1 defined in the present analysis.
At each interview, respondents were asked if they smoked "daily, almost daily, occasionally, or not at all." Those who had not smoked one cigarette within 30 days of each interview were classified as former smokers (National Advisory Group on Monitoring and Evaluation, 2006) . Where smoking status was consistent over consecutive interviews, self-reported changes in smoking status or consumption behavior (periods of cessation, smoking more or less) since the last interview were examined. Participant demographic and smoking-related measures (see Table 1 ) were obtained from the baseline interview. Measures reflecting cumulative lifetime history (e.g., ever smoked daily or ever use of supports for cessation) were derived from cumulative responses in the OTS baseline up to the Time 1 interview as defined for this analysis. Measures considered in this analysis include self-reported smoking status and history, time to first cigarette and number of cigarettes usually smoked per day (where applicable), time period since last cigarette (as applicable), intention to quit, confidence in one's ability to quit altogether, and history of use of pharmacological and nonpharmacological supports for cessation Diemert, Bondy, Brown, & Manske, in press; Ip et al., 2012) . A derived measure for pattern of smoking primarily on weekends, weekdays, or both was included as previously described (Edwards, Bondy, Kowgier, McDonald, & Cohen, 2010) .
The first goal of analysis was to estimate the conditional probabilities of staying in the same smoking status, or moving to another smoking status category, over each of two sequential semiannual follow-up interviews. Specifically, we estimated the percentage of participants in each smoking status at Time 2, conditional on their initial smoking status at Time 1, and then the percentage of participants in each category at Time 3, conditional on their combined status pattern at Time 1 and Time 2. Point estimates for these transition probabilities were population-weighted. Confidence intervals for percentages were obtained using Taylor series methods for survey data, which accounted for the regionally stratified sampling design, weighting, and repeated measures using SAS v. 9.2.
Further analysis focused on comparing and contrasting the demographic and smoking-related characteristics of participants who displayed selected combinations of one-step and two-step changes (or consistency) in smoking status, with a focus on participants who reported being occasional smokers and in whom both recent past smoking status, and smoking status at a following interview were observed.
results Figure 1 presents a complete set of estimated transition probabilities showing movement between smoking status categories, from one interview to the next, over any 1-year period (three consecutive interviews). Where smoking status remained the same, the second proportion reflects respondents who stayed in the same category and reported no increased or decreased consumption since the last interview. In Figure 1 , the probability of being in a specific smoking status at Time 2 is presented, conditional on smoking status at Time 1. Probabilities are expressed as percentages and probabilities of transition from Time 1 to Time 2 sum to 100% within categories of smoking status at Time 1. Estimated probabilities from Time 2 to Time 3 are conditional on prior states and sum to 100% within each unique combination of Time 1 and Time 2 smoking status. The percentage of participants following a specific path from Time 1 to Time 3 may be estimated using the product of conditional probabilities. For example, the percentage of daily smokers, at Time 1, who remain daily smokers over two interviews is 0.91 × 0.92 = 0.837 or approximately 84%.
Daily smoking was the most persistent status with 91% of daily smokers at Time 1 being daily smokers at Time 2. When all daily smokers at Time 2 are considered, the probability of remaining a daily smoker from Time 2 to Time 3 varied according to status at Time 1 but was always higher than two thirds. Similarly, all groups of former smokers (i.e., former smokers at either Time 1 or Time 2) had an estimated greater than 60% probability of reporting again, that they had been abstinent for at least 30 days at the respective following interview, regardless of their initial status at Time 1. Newly former smokers at Time 2 (occasional or daily smokers at Time 1, but abstinent for at least 30 days at the Time 2 interview), had roughly the same chance of being a former smoker again at Time 3, regardless of whether they had been a daily or occasional smokers at Time 1 (64% and 68%, respectively), but this rose to an 88% chance of remaining a former smoker at Time 3 for those who had been nonsmokers at both Time 1 and Time 2. Occasional smokers were the least stable groups with only 45% of those who were occasional smokers at Time 1 reporting the same smoking status at Time 2, and just 27% of initial occasional smokers continuing as such over two consecutive follow-ups. (This can be estimated from the conditional probabilities in Figure 1 as 0.45 × 0.59 = 0.2655 or roughly 27%.) The smoking status into which occasional smokers at Time 2 were most likely to move was conditional on their smoking behavior in the recent past (i.e., status at Time 1). Continuing occasional smokers (those who reported being an occasional smoker over two consecutive interviews) had an estimated conditional probability of 59% of remaining an occasional smoker at Time 3, and otherwise had slightly better chances of becoming a former smoker (25%) than becoming a daily smoker (17%) at the third interview.
Figure 1 also allows one to follow respondents who switched from daily smokers at Time 1 to occasional smokers at Time 2. This group had a 50% chance of returning to daily smoking, at Time 3 versus a 19% probability of being a former smoker at Time 3. Their 19% chance of being abstinent at the subsequent interview was significantly higher than the rate of abstinence at Time 3 (5%) for respondents who were daily smokers at both Time 1 and Time 2. When two groups of daily smokers (Time 1) who changed smoking status at Time 2 are contrasted, namely from daily to occasional smoker versus daily to former smoker, those who quit completely were half as likely to rebound to daily smoking, and 3 times as likely to be abstinent at the following interview. Table 2 provides a more detailed description of the characteristics of selected subgroups based on the selected combination of smoking status at Time 1 and Time 2. This table allows direct comparison of the characteristics of initially daily smokers who switched to former smokers or to occasional smokers at the middle interview. It also allows a direct comparison of two groups of occasional smokers at Time 2, namely those who were recent switchers from daily to occasional smoker and those who were continuing occasional smokers over Time 1 and Time 2. All three of these groups were similar in terms of demographic characteristics and there were no significant differences in demographic characteristic between occasional smokers who had recently reduced intake or were continuing occasional smokers (all pairwise contrast p values > .10). By definition, these groups differed at Time 1 on consumption-based measures of smoking and dependence. However, smokers who switched from daily to occasional were significantly different, at Time 1, from continuing occasional smokers on subjective measures of dependence and past quitting behaviors. Continuing occasional smokers described themselves as less addicted, and were more confident they could quit completely if they wished, but were also less likely to have expressed an intention to quit altogether, or have tried to quit, or used supports for cessation (p < .001 for each of these contrasts). Overall, daily smokers at Time 1 who either switched to occasional smokers or became former smokers at Time 2 were similar at Time 1 in terms of consumption-based and subjective measures of dependence and past quit attempts, and differed in the same ways when contrasted with continuing occasional smokers. Table 3 presents the characteristics of smokers who switched from daily to occasional smokers and further divides this group by subsequent smoking status at Time 3. These combinations of smoking status over Time 1 through Time 3 suggest the following behaviors: staged cessation happening more than 1 year (daily smoking, to occasional smoking, to abstinence); reduced smoking (daily to occasional and then remaining an occasional smoker); and rebounding (from daily to occasional, then back to daily smoking). Examination of Time 1 characteristics of these three groups revealed no statistically significant differences in demographic characteristics, prior quit attempts 
discussiOn
Occasional or nondaily smokers make up an important proportion of the smoking population, which may be increasing in prevalence (Schane, Glantz, & Ling, 2009; Shiffman, 2009) or remaining steady despite declines in daily smoking (Shields, 2004) . This study adds to growing understanding (Edwards et al., 2010; Shiffman, 2009; Shiffman et al., 2012) Figure 1 . Estimated probabilities* of the same (solid arrows) or different (dashed arrows) smoking status over consecutive interviews. Repeated measures analysis of 13,000 triads of consecutive interviews in a population-representative sample of smokers in the Ontario Tobacco Survey smokers cohort. *Conditional probabilities as percentages. Probabilities of transition from Time 1 to Time 2 sum to 100% by smoking status at Time 1. Values in italics are the percentage of participants who reported unchanged consumption over the entire 6-month period. Estimated probabilities from Time 2 to Time 3 are conditional, and sum to 100% within each unique combination of Time 1 and Time 2 status. The percentage of participants following a specific path from Time 1 to Time 3 may be estimated using the product of conditional probabilities. For example, the percentage of daily smokers, at Time 1, who remain daily smokers over two interviews is 0.91 × 0.92 = 0.837 or approximately 84%. Percentages may not add to 100 due to rounding. Note. SE = standard error of the mean. a This analysis uses a repeated measures approach where one observation is a set of three consecutive complete interviews over the course of the Ontario Tobacco Survey (OTS) panel study (Waves 1-6 ). The analysis used 13,000 observations reflecting data from 4,352 unique participants in the OTS. All OTS panel study participants had smoked within 6 months at the baseline interview. This analysis was restricted to those who smoked 100+ lifetime cigarettes at baseline. Numbers in parentheses are nonmissing valid responses. b Smoking status was defined as follows: Daily or occasional smokers had smoked within the past 30 days and described their usual behavior and smoking either daily (daily or almost every day) or occasional. Former smokers were required to have not smoked in the previous 30 days at the time of interview. c Percentage estimates may not sum to 100% due to rounding. of occasional smokers as a mixed population including a small but persistent population of ongoing occasional smokers, as well as individuals who have transitioned from daily smoking to more intermittent smoking and may have difficulty achieving abstinence. This analysis also illustrates that changes in smoking behavior are not just determined by current smoking status and cigarette consumption but also by past changes in smoking status. Our findings suggest the existence of a subset of occasional smokers who remain occasional smokers for relatively long periods of time with no apparent motivation to quit (here, as evidenced by lower intention to do so and fewer attempts). This group also (often) did not feel they were addicted or unable to quit. This suggests the need to identify public health strategies to motivate occasional smokers to quit altogether.
Our findings also show that occasional smokers who have recently switched from daily smokers include a subgroup of individuals who are motivated to quit, but find this difficult. This group was more likely to relapse back to daily smoking than quit altogether, and rebounders described themselves as more addicted at Time 1. Research is needed to identify the ideal strategies to help these smokers quit completely as most of the available evidence on cessation treatment is based on smokers with relatively high daily consumption, and most cessation trials have not even included nondaily or intermittent smokers (Fiore et al., 2000) . The same full mix of treatment models for heavier smokers may be relevant for lower intake and occasional smokers as well. For example, in this same OTS panel study, nearly all smokers with low levels of consumption (fewer than 10 cigarettes/day) but using pharmacological support for cessation self-reported as being addicted to nicotine (Bondy, Diemert, McDonald, Victor, & Cohen, 2012) .
It has been suggested that models of dependence requiring frequent nicotine administration are insufficient to explain ongoing occasional smoking (for discussion, see Shiffman et al., 2012) . Risk of rebound in occasional smokers who do wish to quit may be associated with individual differences in risk of frequent relapse, despite ability to withdraw from nicotine. Several mechanisms for risk of relapse have been suggested, including cue reactivity (Perkins, 2009) , impulsivity (Doran, Spring, McChargue, Pergadia, & Richmond, 2004) , and social context including changes in social networks, which may occur when trying to achieve abstinence (Christakis & Fowler, 2008) .
Research focused on occasional smokers is a challenge due to their small number within resources such as population surveys. This study had the advantages of deliberate oversampling of smokers within a large representative population sample Diemert et al., 2008) , and the ability of the panel study design to capture a large number of episodes of occasional smoking status for analysis. Another challenge, in research on occasional smokers, is with measurement, both in terms of variable definitions for smoking status used in the literature and with the use of self-report measures designed primarily for daily smokers (Edwards et al., 2010) . This study considered continuing occasional smokers as those who smoked less than daily over two interviews, which differs slightly from Shiffman et al. (2012) who considered "native" occasional smokers who had never smoked daily. Within our continuing occasional smokers the never daily smokers were similar in age and other characteristics aside from being more likely to be male (data not shown due to very restricted sample size). Future research focusing on occasional smokers should consider deliberate recruitment as done by Shiffman et al. (2012) as well as the formulation of measures specifically for lower consumption or nondaily smokers.
There is considerable interest in evidence regarding the benefits and risks of cutting down to quit as a strategy for cessation (Fagerstrom, 2005; Hughes & Carpenter, 2006) . For example, Hyland et al. (2006) found that nondaily smokers were more likely to quit smoking. Falba, Jofre-Bonet, Busch, Duchovny, and Sindelar (2004) and Okuyemi, Thomas, Warren, Guo, and Ahluwalia (2010) found that daily smokers who reduced consumption first were more likely to stay abstinent. We focused on occasional (less than daily) smokers, a group less well understood and often excluded from cessation studies. Our findings resonate with research from Tindle and Shiffman (2011) , who reported that occasional smokers, both converted from daily smokers and continuous occasional smokers, were unsuccessful in their quit attempts, despite low levels on common measures of dependence. Similarly, Cheong, Yong, and Borland (2007) reported that those who quit cold turkey were more likely to be smoke free for 1 month or more than those who gradually cut down to quit.
We were able to identify and follow a group of smokers who followed a pattern from daily to occasional smoking to abstinence. Our observations suggest that cutting down to nondaily smoking may increase the future likelihood of cessation in a manner similar to that observed among smokers who deliberately reduce their daily intake before trying to quit (Fagerstrom, 2005) . However, the present study included no intervention or advice, so we provide no direct evidence on the effectiveness of guidance to cut down in individualized counseling. We also cannot determine if the shift in pattern from daily to occasional smoking was intended explicitly as staged cessation, nor were we able to obtain detailed information on the content of any advice they had received on strategies to quit. Regardless, it is an important observation that reducing to occasional smoking entailed a greater risk of return to daily smoking and lower chance of abstinence. In contrast, once a smoker reported abstinence at one interview, their chances of remaining a former smoker at the next interview were greater than 60%. Complete abstinence should be the ultimate goal as the longer this is maintained the greater the chances of becoming permanently smoke free.
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